peripheral blood cells and maternal bone marrow cells, where it had a moderate transplacental clastogenic effect. 4 The distribution of the break-point in the karyotypes of workers occupationally exposed to benzene was studied by 5 where a significant increase in chromosome aberrations was observed. Similarly, an increase in structural and numerical chromosomal aberrations in lymphocytes of benzene exposed workers was recorded. 6 The interaction of benzene metabolites (phenol and hydroquinone) resulted in a marked increase in micronuclei (MN) formed in bone marrow erythrocytes which was significantly greater than that observed with individual metabolites. 7 Concerning pathological effects of benzene, exposure of mice and rats to the vapour of benzene and some other chemicals produced degenerative changes in the parenchymatous organs in the form of centrilobular necrosis in the liver and fatty change of hepatocytes besides necrosis of the tubular epithelium of the kidney.
8- 10 Similarly, 11 mentioned that the exposure to vapour of benzene produced necrosis of liver and haemorrhage.
This work designed to investigate the different genotoxic and pathological hazards predicted to affect certain group of individuals occupationally exposed to air pollutants (arising at a benzene station) for different periods at work place environment. The novelty of the work is its adoption in the Egyptian environment because of unavailability of such information. We used laboratory animals (albino rats) allocated in the same work area for different periods after which these animals were subjected to detailed toxicopathological investigations.
METHODS

Animal grouping and exposure
The study was carried out on 48 mature wister rats of both sexes weighed 120-140 grams body weight at the start of the experiment. These animals were divided into three groups each of 16 rats. The first and the second groups were kept at a benzene station for 60 and 120 days, respectively, while the third group was kept as a control in our laboratory animal unit. The basis of 60 and 120 days was designed to investigate the effect of time exposure to the benzene-derived air pollutants whether it is self-limiting or may increase by time. The basis of 24 hour exposure/day was designed to simulate the actual life of most of workers at Egyptian benzene stations. At the benzene station, animals were exposed to air pollutants particularly volatile organic compounds, e.g., benzene, kerosin, different oils etc. All animals were offered balanced diet and water ad libitum.
Sampling
At the end of the experimental periods, animals were sacrificed and bone marrow samples were collected from the femur bones for investigating chromosomal aberrations and micronuclei formation. Myeloclastogenic effects including chromosomal investigations and micronuclei formation either in polychroamtic erythrocytes (PCE) or in normochromatic erythrocyte (NCE) were carried out according to, 12, 13 respectively.
For histopathological examination, specimens were taken from liver, kidneys, lungs and heart and fixed in 10% buffered neutral formalin solution. After proper fixation, the specimens were prepared, sectioned at 5 µm thickness and stained by hematoxylene and eosine. 14 In addition, Prussian blue stain was used for hemosiderin pigments. 15 Eight rats from the control group were sacrificed after 60 days exposure, while the remaining 8 were sacrificed after 120 days to make correspondence with the test groups regarding time and age.
RESULTS
Genotoxic findings
The clastogenic effects induced in exposed animals was shown in (Table 1 and Table 2 ) and (figures 1-6). Table 1 and Figs 1, 2, 3 & 4 shows higher frequency of chromsomal aberrations and elevated mitotic index after exposure to air pollutants. Table 2 and Figs 5 & 6 show that micronuclei formation increases either in polychromatic or normochromatic erythrocyte due to air pollutants. 
Histopathological findings
Macroscopically, the lungs showed presence of multiple consolidated areas brownish in colour. Meanwhile, some cases showed the presence of pale coloured areas elevated above the lung surface when cutting, scanty amount of exudate come out. Microscopically, congestion of the pulmonary blood vessels and interalveolar blood capillaries was prominent. Perivascular mononuclear infiltration and perivascular edema were also detected. The alveoli showed presence of homogenous structure less faint eosinophilic substances (Figure 7) . The bronchioles showed hyperplasia of their lining epithelium together with the presence of granular eosinophilic substances in their luminae (Figure 8 ). Moreover, some of these bronchioles showed metaplasia of their lining epithelium to stratified squamous type (Figure 9 ). Peribronchial mononuclear infiltration was also detected.
Macroscopically, the liver showed congestion with presence of petechiae on its cut surface. Grayish white foci were also detected. Microscopically, congestion of the central veins and hepatic sinusoids together with perivascular mononuclear infiltration were the predominant findings in all examined cases. The hepatocytes suffered from degenerative changes in the form of vacuolar and hydropic degeneration ( Figure 10 ). Focal areas of necrosis infiltrated with mononuclear cells were observed ( Figure 11 ). The portal areas showed mild mononuclear infiltration and periducteal fibrous tissue proliferation. Macroscopically, the kidneys showed congestion with the presence of petechiae on their cutting surface. Some examined kidneys showed paraboiled appearance with presence of grayish white foci on its cut-surface. Microscopically, congestion of renal blood vessels and intertubular blood capillaries was prominent. Perivascular hemorrhages were also seen. The renal tubules exhibited degenerative changes in the form of cloudy swelling in which the renal tubules showed more granular and eosinophilic cytoplasm with a narrow lumen ( Figure 12 ). Hyaline casts were also detected in the renal tubules of the medulla. The glomeruli showed congestion of the glomerular tuft with presence of eosinophilic granular substances in the Bowman's space ( Figure 13 ). Moreover, complete halinization of some of glomerular tuft were also observed.
Macroscopically, the heart showed focal intramuscular mononuclear infiltration (Figure 14) . The myocardial muscles showing hyalinization areas. Microscopically, the spleen showed diffuse hemosiderin pigments in the form of amorphous golden yellow coloured pigments which take bluish colouration by Prussian blue stain were seen in most examined cases ( Figure 15 ).
The testes showed mild degenerative changes of seminiferous tubules with degeneration of sperms.
Moreover, intratubular edema with the presence of pale eosinophilic substances in the tubular luminae were also detected ( Figure 16 ). 
DISCUSSION
Human being now live in an environment in which at least 100,000 chemicals are prevalent and to which approximately, 100 new compounds are added each year. 16 Benzene is an important industrial solvent and common pollutant which can develop aplastic anaemia and leukemia in exposed individuals.
In our study, the clastogenic effect caused by chronic exposure to air pollutants under investigations has been shown in (Tables 1 and Table 2 ) and (Figures 1-6 ). Benzene exposure resulted in high frequencies of chromosomal aberrations. The percentages of chromosomal aberrations in examined metaphase spread were 18% and 26% in the 2 nd and the 3 rd exposed groups in comparison to 8% in the control one. The structural and numerical aberrations in this study are shown in (Table 1) and (Figs 1-4) as gap, fragment, chromatid break, deletion, sticky, ring, end-to-end association, centromeric attenuation and polyploidy.
( Table 1 ) and ( Figure 5 and Figure 6 ) summarized micronuclei formation due to exposure to air pollutant at benzene station. Micronuclei formation either in polychromatic erythrocyte (PCE) or normochromatic erythrocyte showed a higher record in benzene exposed group. In this respect, we have a good agreement with many authors, e.g. 3, 4, 7 In an attempt to explain the mechanism of genotoxicity of benzene, 17 demonstrated that during the peroxidase-mediated metabolism of phenol, (a metabolite of benzene) one or more potent inhibitors of enzyme top isomerase II are formed and the inhibition of this enzyme by benzene metabolites may play an important role in chromosomal aberrations as well as micronuclei formation due to benzene or its metabolites.
Data of the present study also showed that the lungs of benzene-exposed rats revealed congested blood vessels, perivascular hemorrhage and edema. The bronchioles showed hyperplasia and desquamation of the lining epithelium. Moreover, squamous metaplasia was also detected. These findings were in a partial agreement with. 10 Histopathological examination revealed presence of mild degenerative changes of the hepatocytes manifested by vacuolar and hydropic degenerations. Moreover, focal areas of necrosis of the hepatocytes were also detected. The portal areas showed the presence of focal mononuclear infiltration. These findings were in a complete agreement with the results detected by 8, 10, 11 Meanwhile, disagree with the results mentioned by 9 who described preneoplastic changes in such cases of pollution.
Moreover, our results were agree with the results mentioned by 18 who recorded increased ALT and AST with pathological alterations in liver and spleen of female mice exposed to nitrobenzene.
Our results revealed nephrotoxic effects confirmed by histopathological examination of the kidneys which revealed presence of degenerative changes of the renal tubules in the form of cloudy swelling or even desquamation of the epithelial cell lining the renal tubules. Moreover, hyaline casts were also seen in the renal tubules. These findings were in consistence with. 19, 10, 20 Histopathologically, cardiotoxic effects were indicated by hyalinization of cardiac muscle cells with mononuclear infiltration. These findings were in a partial agreement with 21 spleen and testes also showed degenerative changes including hemosiderosis and edema and degenerated sperms, respectively.
It could be concluded that our results indicated many toxic effects due to benzene exposure which included genotoxicities and histotoxicities in the form of various degenerative changes in most vital organs like liver, kidneys, lungs, heart, spleen and testes. So in order to minimize the occurrence of such toxic effects of occupational exposure to benzene the following points should be put in considerations: i) continuous health monitoring of exposed workers through preplacement and periodic health examination. ii) Regular determination of benzene concentration in the working atmosphere is of utmost importance. In developed countries, the allowable work place level of benzene is 1 ppm. 22 
